Introduction
The pathogenesis of type 2 diabetes (T2D) is associated with both insulin resistance and impaired glucose metabolism [1] . Endothelial dysfunction has received increasing attention as a potential contributor to the pathogenesis of vascular complications in T2D [2] . Hyperglycemia is one of the major causal factors in the development of endothelial dysfunction in T2D [2] . Increasing evidence suggests that the progression of insulin resistance to T2D parallels that of endothelial cell dysfunction to atherosclerosis [2] [3] [4] . The importance of insulin's actions on endothelial function were clearly established recently by the findings that mice with a double knockout of apolipoprotein E (apoE) and insulin receptor (IR) on their endothelial cells developed atherosclerosis at 2-3 times greater severity than apoE knockout mice [5] .
Membrane bound phosphoinositides (PI) have been implicated in the regulation of a variety of cell signaling processes [6] . Among them, phosphatidylinositol-3,4,5-triphosphate (PIP3) plays a key role in the regulation of glucose transport [7] and glucose metabolism [8] . Deregulation of PI metabolism has been found to cause the onset and progression of several cardiovascular pathologies, ranging from atherosclerosis to heart failure [9] . The presence of insulin receptors on endothelial cells has been reported in the literature [3] . It is reported that hyperglycemia induced uncoupling of downstream insulin signaling at PI3K/AKT in endothelial cells may be responsible for the vascular complications of diabetes [10] . High glucose concentrations have been reported to increase endothelial cell apoptosis [11] , permeability [12, 13] , and monocyte-endothelial cell (EC) adhesion [13, 14] . PI3K/AKT signaling in endothelial cells regulates cell survival, proliferation, microvascular permeability, and angiogenesis [15] [16] [17] . Varma et al. [10] reported that high glucose-induced inhibition of the PI3K/AKT pathway causes endothelial cell proliferative dysfunction; the results have also been investigated in the presence of pharmacological inhibitors of PI3K, namely, wortmannin and LY294002. PIP3 has an important function in the regulation of PI3K/AKT signaling. However, at present there is no report in the literature concerning whether PIP3 has a direct effect on endothelial dysfunction and vascular inflammation at the cellular level. Using human umbilical vein endothelial cells (HUVEC) and THP-1 monocytes, this study demonstrates that treatment with high glucose (HG) caused a decrease in intracellular PIP3 levels and increased the expression of adhesion molecules as well as adhesion of monocytes to endothelial cells (EC). Similarly, treatment with a PIP3 inhibitor (PIT-1) also increased the expression of adhesion molecules and monocyte-EC adhesion. Exogenous PIP3 supplementation, however, restored the loss in intracellular PIP3 and downregulated the expression of adhesion molecules as well as monocyte-EC adhesion in HG-treated cells. This suggests a causal role of PIP3 in the regulation of adhesion molecules and the adhesion of monocytes to HUVEC treated with HG. 
Material and Methods

Materials
Human monocytic cells
Human THP-1 monocytes were purchased from ATCC. These cells were cultured in RPMI-1640 medium supplemented with 10% (v/v) heat-inactivated fetal bovine serum, 100 U/mL penicillin, 100 μg/ mL streptomycin, and 2 mM L-glutamine. The culture was maintained at 37°C in a humidified atmosphere containing 5% CO 2 .
Human umbilical vein endothelial cells (HUVEC)
Cells were purchased from Lonza Walkersville, Inc. HUVEC were cultured to confluence in EGM-2 media and 5% CO 2 in a 37°C humidified atmosphere. The culture was passaged according to standard procedures. For experiments, HUVEC were used within 24 hours after reaching confluence, between passages 3 and 10. The vendor certified that the media had 100 endotoxin concentrations <0.005 EU/mL. 
Treatment of HUVEC and monocytes with high glucose (HG), PIP3, and PIT-1
In this study, cells were treated with a glucose concentration of 7 mM (control glucose) or 25 mM (high glucose) with and without PIP3. In the human body glucose is continuously degraded and re-formed to maintain a 5 mM blood glucose level. However, in cell culture studies, we observed that incubating cells in medium with a 5 mM glucose concentration for 24 h caused a decrease in the concentration of glucose in the medium lower than 2 mM. In cell culture studies, glucose is metabolized but not replaced. Our experience has shown us that a glucose level of 7 mM does not lead to glucose deficiency after 24 h of treatment and thus we incubated the control cells in media with a glucose concentration of 7 mM. In high glucose studies, cells were exposed to media having a glucose concentration of 25 mM for 20 h. Many previous studies have reported that glucose concentrations as high as 50 mM have been found in the blood of patients with uncontrolled diabetes [18] . It is true that blood glucose levels in patients are not likely to stay as high as 25 mM for 24 h. However, tissue damage in diabetic patients occurs over many years of countless hyperglycemic episodes. Thus, the glucose concentration of 25 mM used in this cell culture study does not seem unreasonable. Anionic phosphatidylinositol phosphate derivatives were delivered across the cell membrane by complexing them with a positive lysine-rich histone carrier following the procedure described by the manufacturer (Echelon Biosciences, Inc., Salt Lake City, UT). Unlabeled Histone H1 (Echelon Biosciences) and PIP3 (Echelon Biosciences) were mixed at a molar ratio of 1:1, vortexed, subjected to sonication, and incubated for 10 minutes at room temperature. The mixture was then added to the medium to a final concentration of 5, 10, or 20 nM for 4 h followed by HG treatment for the next 20 h. Cells were also treated with PIT-1 (25 µM) (Cayman, Ann Arbor, MI), an inhibitor of PIP3, for 20 h. Mannitol was used as an osmolarity control. In the mannitol treated group, cells were exposed to 18 mM mannitol, since the media already contains 7 mM glucose. Cell viability was determined using the Alamar Blue reduction bioassay (Alamar Biosciences, Sacramento, CA). This method is based upon Alamar Blue dye reduction by live cells. After treatment, cells were lysed in RIPA supplemented with protease and phosphatase inhibitors. Lysates were cleared by centrifugation and total protein concentrations were determined using a BCA assay kit (Pierce/Thermo Scientific, Rockford, IL).
Measurement of intracellular PIP3 levels
Cellular PIP3 concentrations were measured using a PIP3 Mass ELISA Kit (Echelon Biosciences, Inc.; Salt Lake City, UT). Appropriate controls and standards (specified by each manufacturer's kit) were used every time.
Immunoblotting
All samples contained approximately the same amount of protein (~10-20 µg) and were run as 10% SDS-PAGE and transferred to a nitrocellulose membrane. Membranes were blocked at room temperature for 2 h in blocking buffer containing 1% BSA to prevent non-specific binding and then incubated with CD11a (1:20000) or anti-ICAM-1 (1:1000) primary antibodies at 4 o C overnight. The membranes were washed in TBS-T (50 mmol/L Tris-HCl, pH 7.6, 150 mmol/L NaCl, 0.1% Tween 20) for 30 min and incubated with the appropriate HRP conjugated secondary antibody (1:5000 dilution) for 2 h at room temperature and developed using the ultrasensitive ECL substrate (Millipore, MA). The intensity of each immunoblotting band was measured using the histogram tool of Adobe Photoshop CS5.
Surface analysis of cell membrane proteins by flow cytometry
Surface analyses of cell membrane proteins (CD11a and ICAM-1) were done using direct staining procedures and flow cytometry as described earlier [19] . Ice cold reagents/solutions and the presence of sodium azide was used to prevent the modulation and internalization of surface receptors. All incubations were all done at 4°C in the dark to prevent loss of signal. After treatment, cells were washed in FACS buffer (PBS without Mg 2+ and Ca
2+
, with the addition of 10% fetal bovine serum and 0.1% sodium azide), centrifuged, suspended in FACS buffer, and incubated for 2 h at 4°C with FITC conjugated anti-CD11a (Abcam) or anti-ICAM-1 (Santa Cruz Biotechnology) primary antibodies at a 1:50 dilution. After incubation, cells were washed in washing buffer for FACS (PBS containing 1% BSA and 0.1% sodium azide) and then suspended in 0.5 mL FACS buffer for analysis. In each sample, a minimum of 15,000 cells was analyzed (per treatment condition) by using a FACS Calibur flow cytometer (Becton-Dickinson, San Diego, CA) equipped with multicolor analysis capability. Gates were set to exclude nonviable cells, cell debris, and cells of
abnormal size and shape. Controls for matched isotypes of primary antibodies were also analyzed to ensure no non-specific binding. Results were expressed as mean fluorescence intensity (MFI) per 15,000 cells.
Monocyte-EC adhesion
HUVEC were plated and allowed to grow to confluent monolayers. The EC were treated with normal glucose (7 mM) or HG (25 mM, 20 h) either alone or with PIP3 (5, 10, or 20 nM, 4 h). In another group, normal cells were also treated with PIT-1 (25 µM, 20 h). Monocytes were loaded with 8 μM CellTracker Green (CMFDA) (Invitrogen, Eugene, OR, USA) then treated with HG, PIP3 or PIT-1 at concentrations matching those of EC. After 24 h, 1x10 6 monocytic cells were added to the endothelial monolayers and incubated at 37°C for 30 min. The non-adherent cells were washed away with endothelial cell media, and adherent cells were lysed in 0.2% Triton-X for quantification. The fluorescent intensity of the monocytes added to the monolayer was measured at excitation 485 nm and emission 528 nm. Results were expressed as relative fluorescence intensity (RFI).
Statistical analysis
Data from cell culture studies were analyzed statistically using one way analysis of variance (ANOVA) with Sigma Stat statistical software (Jandel Scientific, San Rafael, CA). When data passed a normality test, all groups were compared using the Student-Newman-Keuls method. A difference was considered significant at the p < 0.05 level. Figure 1 shows that treatment with HG or the PIP3 inhibitor PIT-1 caused a decrease in intracellular PIP3 concentration in both HUVEC and monocytes compared to those seen in controls. Exogenous PIP3 supplementation (5, 10, or 20 nM), however, dose-dependently restored the loss in PIP3 in cells treated with HG. Results reported in our earlier study did not show any effect of mannitol supplementation on the PIP3 levels and cell viability compared to controls [20] . Similarly, in the present study we did not observe any effect of mannitol on PIP3 levels and cell viability compared to those of controls (data not shown). Different treatments did not cause any change in cell viability (data not shown).
Results
Figures 2-3 demonstrate the effect of PIP3 on the expression of adhesion molecules, ICAM-1, and CD11a (a sub unit of LFA-1 that plays a central role in leukocyte intercellular adhesion through interactions with its ligand, ICAM, in endothelial cells) in HG-treated endothelial cells and monocytes, respectively. Results demonstrate that HG treatment caused 
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Cellular Physiology and Biochemistry a significant increase in ICAM-1 total protein expression (2A) as well as its surface expression (2B) in HUVEC and CD11a total protein expression (3A) as well as its surface expression (3B) in THP-1 monocytes. Treatment with the PIP3 inhibitor PIT-1 also increased the expression of adhesion molecules in both HUVEC and monocytes. Exogenous PIP3 supplementation, however, downregulated the protein expression and surface expression of both ICAM-1 in HUVEC and CD11a in monocytes treated with HG. The effect of PIP3 on the adhesion of monocytes to endothelial cells is shown in Figure 4 . Cells treated with HG showed an increase in monocyte adhesion to endothelial cells. Treatment with PIT-1 also caused a similar increase in monocyte-EC adhesion. PIP3 supplementation, however, reduced the HG induced increase in monocyte-EC adhesion. This 
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Phosphatidylinositol-3,4,5-triphosphate (PIP3) is a well-known lipid second messenger and has been implicated in the regulation of insulin signaling and glucose homeostasis. Tissue levels of PIP3 are low in type 1 and type 2 diabetic rats [21] . Recent studies have demonstrated the significant role played by endothelial dysfunction in the regulation of glucose homeostasis in diabetes [22, 23] . However, there is no report in the literature concerning whether PIP3 has a direct effect on endothelial dysfunction and vascular inflammation at the cellular level. This study demonstrates that treatment with HG or a PIP3 inhibitor, PIT-1, can cause a decrease in intracellular PIP3 levels and an increase in the expression of adhesion molecules as well as monocyte-EC adhesion. In addition, exogenous PIP3 supplementation prevented the expression of adhesion molecules and monocyte-EC adhesion in HG treated cells.
The intracellular PIP3 concentration is regulated by the PI3K/PTEN/SHIP equilibrium [24] . PIP3 binds to the pleckstrin homology domains (PH) of proteins, such as protein kinase B [25] , 3-phosphoinositide-dependent kinases [26] , protein kinase C [27] , etc. and thereby regulates the activity and subcellular localization of a variety of signal transduction molecules. High glucose induced downregulation of PI3K/AKT signaling causes endothelial cell proliferative dysfunction [10] . High glucose concentration has also been reported to increase endothelial cell apoptosis [11] , permeability [12] , and monocyte-EC adhesion [13, 14] . This study for the first time demonstrates a reduction in intracellular PIP3 levels in HG treated monocytes as well as HUVEC. Treatment with a PIP3 inhibitor, PIT-1, also causes a similar decrease in cellular PIP3 levels in both monocytes and HUVEC. Exogenous PIP3 supplementation, however, restored the HG-induced loss in cellular PIP3 concentrations.
The vascular endothelium is a primary target for tissue damage by oxidants during inflammatory diseases including diabetes. Interactions of cell adhesion molecules (CAM) play a central role in mediating immune and inflammatory responses. Leukocyte functionassociated antigen-1 (LFA-1) is a member of the integrin-type family of CAM which is predominantly involved in leukocyte trafficking and extravasation [28] . It is composed of a common β-subunit (CD18) and a distinct α-subunit (CD11a). LFA-1 is exclusively expressed on leukocytes and interacts with its primary ligand, ICAM-1, in endothelial cells to promote cell adhesion events required for normal and pathologic functions of the immune systems. Diabetic patients have higher blood levels of sICAM-1 or LFA-1 [29, 30] . Our study demonstrates that HG exposure causes an increase in both ICAM-1 total protein expression in HUVEC and CD11a total protein expression in monocytes. Surface analysis by FACS shows that HG treatment also upregulated the surface expression of ICAM-1 in HUVEC and CD11a in monocytes. Treatment with the PIP3 inhibitor PIT-1 causes a similar increase in total protein expression and surface expression of the adhesion molecules ICAM-1 in HUVEC and CD11a in monocytes. Activation of the vascular endothelium, increased adhesion of circulating monocytes to the injured endothelial layer, and their subsequent infiltration into the vessel wall and differentiation into macrophages are critical early events in the pathogenesis of atherosclerosis [31] . This study demonstrates that treatment with both HG and the PIP3 inhibitor PIT-1 increased the adhesion of monocytes to endothelial cells. Exogenous PIP3 supplementation causes a decrease in total protein expression as well as surface expression of adhesion molecules in both HUVEC and monocytes and thus reduces the adhesion of monocytes to endothelial cells treated with HG.
In conclusion, this study demonstrates that PIP3 plays an important role in the regulation of endothelial cell dysfunction and vascular inflammation. Diabetes is associated with impaired glucose metabolism and higher vascular inflammation. Using THP-1 monocytes and HUVEC, this study demonstrates for the first time that a decrease in PIP3 can cause 
